提携に制限のあるファジィ協力ゲーム (決定理論と最適化アルゴリズム) by 森谷, 篤史 et al.
Title提携に制限のあるファジィ協力ゲーム (決定理論と最適化アルゴリズム)
Author(s)森谷, 篤史; 黒木, 浩二郎; 巽, 啓司; 谷野, 哲三
















\Delta , [7] Shapley [6]
.
2
. , , Aubin[2]
. , [2].
, Shapley . Shapley
, Butnariu[4]
Shapley . ,
Shapley . $[9, 11]$ Choquet
, , Choquet Shapley
, [9]. I, , Choquet
. , , , Shapley
. , . $\text{ }$
$\text{ }$ . , ,
$\text{ }$ Shapley Shapley . Shapley
.
, , (feasible) , ,
. ,
, ,
. , fe ible coalition system . Algaba [1]
BilbaO[3] , feasible coalition system , ,
. , Shpaley ,
.
,
. , ( FCS) , \Delta
$\text{ }$ . , Shapley
.
2
$\text{ }$ $\text{ }$ , . ,




$\text{ }$ , $n$ $N=$ $\{1,2, \ldots, n\}$ . , $N$
$S\subseteq N$ . , $v:2^{N}arrow \mathrm{R}$ $v$ , $v(\emptyset)=0$
. $\emptyset$ . $N$ $v$ $(N, v)$
. $N$ , $v$ . , ,
$N$ , $N$ $\text{ }$ $v$ $\mathcal{G}$
, .
1 $v\in \mathcal{G}$ .
$v(S)+v(T)\leq v(S\cup T)$ , $\forall$S, $T\subseteq N$ $\mathrm{s}.\mathrm{t}$ . $S\cap T=\emptyset$ .
2 $v\in \mathcal{G}$ .
$v(S)\leq v$ (T), $\forall$S, $T\subseteq N$ $\mathrm{s}.\mathrm{t}$ . $S\subseteq T$.
3 $v\in \mathcal{G}$ .
$v(S)+v(T)\leq v(S\cup T)+v(S\cap T)$, $\forall$S, $T\subseteq N$.
, $v$ .
, , .
4 $\text{ }$ $v\in \mathcal{G}$ , (1) $i\in N$ , (2)
$j\in N$ .
$v(S\cup i)=v(S)$ , $\forall S\subseteq N\backslash i$ . (1)
$v(S\cup j)=v(S)+$ v(i), $\forall S\subseteq N\backslash j$. (2)
5 $\text{ }$ $v\in \mathcal{G}$ , $i,j\in N$ .




, , $\{_{-}^{-}$ , ,




6 $v\in \mathcal{G}$ , $x=(x_{1}, \ldots, x_{n})\in \mathrm{R}^{n}$ $x$ $v$
.





7 $v\in \mathcal{G}$ . , $v$
.
$\sum_{i\in S}X:\geq v(S)$
, $\forall S\subseteq N$ .
, $v$ $C$ (N, $v$ ) .
$C(N,v)=$ { $x \in \mathrm{R}^{n}|\sum_{i\in N}x_{i}=v$(N), $\sum_{i\in S}x_{i}\geq v$ (S), $\forall S\subseteq N$ }.
2.2.2 Shapley
$\text{ }$ , Shapley [6]. Shapley ,
, ,
.
8 $i\in N$ ,
$\phi_{i}$ (N, $v$ )
$= \sum_{S\subseteq N}\beta$
(S$jN$) $(v(S)-v(S\backslash i))$
, $i$ Shapley ,
$\phi$(N, $v$ ) $=(\phi_{1}(N,v),$ $\phi_{2}(N, v),$ . .. , $\phi_{n}$ (N, $v$ ) $)$ .
$v$ Shapley . ,
$\beta$ (S; $N$) $= \frac{(|S|-1)!(|N|-|S|)!}{|N|!}$ .
, $|S|$ $S$ .
, $\gamma$ : $2^{N}\mathrm{x}\mathcal{G}arrow \mathrm{R}^{n}$ , .
1




$\text{ }$ $v\in \mathcal{G}$ , $i\in N$ , $j\in N$
, $\gamma$ .
$\gamma$i $(N, v)=0$ ,
$\gamma_{j}$ (N, $v$) $=v$(j).
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3
$v\in \mathcal{G}$ , 2 $i,j\in N$ , $\gamma$ r




$\gamma$(N, $v+w$) $=\gamma$(N, $v$ ) $+\gamma(N,w)$ .
Shapley , 2 .
1 767Shapley , ( ) , ,
( 1. 4) .
$\text{ }$ Shapley .
2 $f\mathit{8}fv\in \mathcal{G}$ . \Delta Shapley $\phi(N, v)$ $C$ (N, $v$ ) . ,
$\phi$(N, $v$ ) $\in C(N,v)$
.
2.3
, . , ,
, \Delta .
, $N=$ $\{1,2, \ldots, n\}$ $n$ . \Delta
$S$ $N$ , $i$ $\dot{\mathrm{a}}$ $i\in S$ 1 , $i\not\in S$ 0 $n$
0-1 $s$ . , $\{0, 1\}^{n}$ .
, $[0, 1]^{n}$ . , $s\in[0,1]$n
, $s=$ ( $s_{1},$ $\ldots,$ $s$n) $s_{i}$ $i$ $s$
.
$s$ $h\in[0,1]$ , 8 .
$[s]_{h}=\{i\in N|s_{i}\geq h\}$ .
$s$ , $s$
$\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s=\{i\in N|s_{i}>0\}$






$\hat{v}$ : $[0, 1]^{n}arrow \mathrm{R}$ . , $\hat{v}$ $\hat{\mathcal{G}}$ .
8, $t\in[0,1]$n union intersection .
$(s\vee t)_{i}$ $=$ $\max\{s_{i},t_{i}\}$ .
$(s\Lambda t)_{i}$ $=$ $\min\{s_{j}, t_{i}\}$ .
, \Delta .
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9 $\hat{v}\in\hat{\mathcal{G}}$ (3) , $\hat{v}$ (4)
.
$\hat{v}(s)+\hat{v}$ (t) $\leq$ $\hat{v}(s+t),$ $\forall$s, $t\in[0,1]^{n}$ $\mathrm{s}.\mathrm{t}$ . $s+t\in[0,1]^{n}$ . (3)
$\hat{v}(s)+\hat{v}$ (t) $\leq$ $\hat{v}(s\vee t)$ , $\forall$s, $t\in[0,1]^{n}$ $\mathrm{s}.\mathrm{t}$ . $s\wedge t=0$ . (4)
$s\Lambda t=0$ $s\vee t=s+t$ , , $\hat{v}$ ,
.
10 $\hat{v}\in\hat{\mathcal{G}}$ .
$\hat{v}(s)\leq\hat{v}$(t), $\forall$s, $t\in[0,1]^{n}$ $\mathrm{s}.\mathrm{t}$ . $s\leq t$ .
1 $\hat{v}$ , .
11 $\hat{v}\in\hat{\mathcal{G}}$ .
$\hat{v}(s)+\hat{v}(t)\leq\hat{v}(s\vee t)+\hat{v}(s\Lambda t)$ , $\forall$s, $t\in[0,1]^{n}$ .
, $\hat{v}$ , .
2.4





$\text{ }$ , .




12 $s\in[0,1]$ n $\hat{v}\in\hat{\mathcal{G}}$ , $x=(x_{1}, \ldots, x_{n})\in \mathrm{R}^{n}$
v^\uparrow $s$ .




$X:\geq\hat{v}(s:e^{i})$ , $\forall i\in \mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s$.
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(s $’$ ), $\forall s’\leq s$ .
, $\hat{v}$ $s$ $\hat{C}$(s, $\hat{v}$) .
$\hat{C}(s, \hat{v})=$ { $x \in \mathrm{R}^{n}|\sum_{:\in\sup \mathrm{p}s}.x:=\hat{v}$(s), $x_{i}=0,$ $i\not\in \mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s,$ $i \in 3\mathrm{u}\mathrm{p}\mathrm{p}\sum_{\partial’}x_{i}\geq\hat{v}$(s
$’$ ), $\forall s’\leq s$}.
2.4.2 Choquet Shapley
, $[9, 11]$ Choquet
14 $s\in[0,1]$n , $q$ (s) $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s$ . , $i\in \mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s$




) (h$\iota-$ hl-1), $\forall s\in[0,1]^{n}$ .
Choquet , ,
. , $[0, 1]^{n}$ , Choquet
$\{0, 1\}^{n}$ , , 1
.
, Choquet $\hat{\mathcal{G}}^{e}$ . ,
Choquet , Choquet Shapley
. , $\hat{\mathcal{G}}^{c}$ .
15 $s\in[0,1]$n , $\hat{v}\in\hat{\mathcal{G}}^{c}$ $v\in \mathcal{G}$ Choquet




, $v$ ) $(h_{l}-h_{l-1})$ , $\forall i\in N$ .
, $\phi_{*}’$. $([s]_{h}1’ v)$ .
$\phi$:([s]h
$l$
, $v$ ) $=\{$ $0, \sum_{T\subseteq[\epsilon]_{h_{l}}}\beta$










Coalition $\mathrm{S}\mathrm{e}\mathrm{t}:\mathrm{F}\mathrm{C}\mathrm{S}$ ) .
, FCS .
16 2 , $F\subseteq[0,1]$n (FCS) .
(i) $F$
(ii) $\alpha$e$\dot{|}\in F$, $\forall\alpha\in[0,1]$
$s\in[0,1]^{n}$ , $\sum_{j=1}^{l}s^{j}=s$ $\{s^{1}, \ldots, s^{l}\}\subseteq[0,1]$ n, $l\in \mathrm{R}$ $s$ .
FCS $F$ , $s^{j}\in F,$ $j$ =1, . ..) $l$ $s$ $\{s^{1}, \ldots, s^{l}\}$ $s$ $F$ .
, $s$ $F$ $P^{F}$ (s) .
$s\in[0,1]$n, FCS $F$ , 2 ) $\triangleright t$ $\in[0,1]^{n}$ 8 F-
.
(i) $t\leq s,$ $t\in F$
(ii) $t\leq t’\leq s,$ $t’\in F$ , $t’=t$
, $s$ $F$- $C^{F}$ (s) $\mathrm{r}$ , $s\in F$ , $C^{F}(s)=\{s\}$
.
17 $\text{ }$ $\hat{v}\in\hat{\mathcal{G}}$ FCS $F$ , $\hat{v}$ $F$ $\hat{v}^{F}$
.
$\hat{v}^{F}(s)=\sup\{\sum_{j=1}^{l}\hat{v}(s^{j})|\{s^{1}, \ldots, s^{l}\}\in P^{F}(s)\}$ .
, $\hat{v}$ $s\in F$ , $\hat{v}^{F}(s)=\hat{v}(s)$ .
3.2
FCS .





(ii) $s\in[0,1]$n $N$ $\{I_{1}, \ldots, I_{l}\}$ , .
$C^{F}(s)=\{s_{|I_{1}}$ , . . ., $s_{|I_{l}}\}$
(iii) FCS $F$ , .
$s\in F$ : $t\in F,$ $s\Lambda t\neq 0\Rightarrow s\vee t\in F$
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4 $f$5f $s\in[0,1]$n, $\hat{v}\in\hat{\mathcal{G}}$, FCS $F$ . FCS $F$




19 8, $t\in[0,1]$n, $\hat{v}\in\hat{\mathcal{G}}$ , FCS $F$ .
, $F$ (Intersecting Set) .




I $f\mathit{5}/$ $\hat{v}\in\hat{\mathcal{G}}$ , FCS $F$ $\hat{v}^{F}$ .
, $\hat{v}$ , FCS $F$ $\hat{v}^{F}$ .
2 $\hat{v}\in \mathcal{G}$ , FCS $F$ $\hat{v}^{F}$ .
1 1 , .
5[$\mathit{5}f$ $\text{ }$ $\hat{v}\in \mathcal{G}$ , FCS $F$ , $F$
$\hat{v}^{F}$ .





$\xi$ : $[0,1]^{n}\cross\hat{\mathcal{G}}arrow \mathrm{R}^{n},$ $\xi$(s, $\hat{v}$) $=$ ( $\xi_{1}$ ( $s,$ $v$^), . . . , $\xi_{n}($s, $\hat{v})$ ) $\in \mathrm{R}^{n}$ .
, Shapley ,
Shapley . ,
, Shapley , Shapley
.
, $s\in[0,1]$n $T\subseteq N$ , $s|T\in[0,1]$n
.
$(s_{|T})_{i}=\{$




20 $s\in[0,1]$ n $\hat{v}\in\hat{\mathcal{G}}$ , $s$ $\hat{v}$
$v^{s}$ : $2^{\sup \mathrm{p}}s$ \rightarrow R .
$v^{s}(T)=\hat{v}$(s $|$ T), $\forall T\subseteq \mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s$
, .
$s$ \Delta $\mathcal{G}^{s}$ .
$\text{ }$ Shapley , Shapley ,
Shapley .
21 $s\in[0,1]$n , $\hat{v}\in\hat{\mathcal{G}}$ . $\hat{v}$ $s$
Shapley $g$ (s, $\hat{v}$ ) .
$g_{i}(s,\hat{v})=\{$
$\phi j(\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s, v^{s})$ , if $i\in \mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s$ ,
0, if $i\not\in \mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s$ .
$g(s,\hat{v})=(g_{1} (s,\hat{v})$ , . . ., $g_{n}(s,\hat{v}))$
, $\phi$ Shapley .
Shapley $s$ $\text{ }$ , $g$ $g:$ $[0,1]^{n}\mathrm{x}\hat{\mathcal{G}}arrow \mathrm{R}^{n}$
. , , $\hat{v}$ $s$ Shapley Shapley .
Shapley .
$i$ $s$ 0 $i$ .
$(s^{-i}.)_{j}=\{$
$s_{j}$ , if $j\neq i$ ,
0, if $j=i$ .
$i\in \mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s$
$\hat{v}$ s- .
$\hat{v}$ (s $|T+siei$ ) $=$ $\hat{v}$ (slT) $+\hat{v}$ (sie
$i$ ), $\forall T\subseteq \mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s^{-i}$ .
$s$ , $\in \mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s$ $s^{ij}$
,
$(s^{ij})_{k}=\{$
$\mathit{8}_{j}$ , if $k=i$ ,
$s_{i}$ , if $k=j$,
$s_{k}$ , if $k\neq i,j$ .
$\hat{v}(s)=\hat{v}(s^{\dot{l}j})$ $i,j\in \mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s$ $\hat{v}$ { s- .
, $i\in N$ $j,$ $k\in N$ ,
.
$v(T\cup i)$ $=$ $v(T)+$ v(i), $\forall T\subseteq N\backslash i$ .
$v(S\cup j)$ $=$ $v(S\cup k)$ , $\forall S\subseteq N\backslash j,$ $k$ .
.









$s\in[0,1]$n $\hat{v},\hat{w}\in\hat{\mathcal{G}}$ , $\xi$ .
$\xi$(s, $\hat{v}+\hat{w}$) $=\xi$(s, $\hat{v}$) $+\xi$(s, $\hat{w}$).
7s-
$s\in[0,1]$n $\text{ }$ $\hat{v}\in\hat{\mathcal{G}}$ , $i$ $\hat{v}$ s-
, \Lambda $\xi$ .
$\xi_{i}(s,\hat{v})=\{$
$\hat{v}$(s$i$ e:), if $i\in \mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s$ .
0, if $i\not\in \mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s$ .
8s-
$s\in[0,1]$n $\hat{v}\in\hat{\mathcal{G}}$ , $i,j$ s-
, $\xi$ .
$\xi$i $(s,\hat{v})=\xi$j(s, $\hat{v}$).
6 $f$5f $s\in[0,1]$n , $\hat{v}\in\hat{\mathcal{G}}$ . $s$ , $\hat{v}$
$\xi(s,\hat{v})$ , $s$ $\hat{v}$ $v^{\theta}$ . ,
5 $\cdot 8$ $\xi$ , Shapley .
4.2 Shapley
, Shapley , Choquet Shapley Shapley
.
, Shapley .
1 $\hat{v}\in\hat{\mathcal{G}}$ , $s\in[0,1]$n ,
$v^{s}$ .
$T_{1},T_{2}.\subseteq \mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s$ ,
$v^{s}(T_{1}\cup T_{2})+v^{\epsilon}(T_{1}\cap T_{2})$ $=$ $\hat{v}$ (s $|T_{1}$ U$T_{2}$ ) $+\hat{v}$ (s $|T,\cap$j)
$=$ $\hat{v}$ ((s $|$ T$1)\vee(s_{|T_{2}})$) $+\hat{v}((s_{|T_{1}})\Lambda(s_{|T_{2}}))$
$\geq$ $\hat{v}$ (S $|$7 $1$ ) $+\hat{v}$ (S $|$72)
$=$ $v^{\epsilon}(T_{1})+vs(T_{2})$
, $v^{s}$ \Delta .
7 $s\in[0,1]$n , $\hat{v}\in\hat{\mathcal{G}}$ , $\hat{v}$ $s$ $\hat{C}$(s, $\hat{v}$),
Shapley $g(s,\hat{v})$ . , $\hat{v}$ , .
$g(s,\hat{v})\in\hat{C}(s,\hat{v})$ .
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1 , $\hat{v}$ $v^{\mathit{8}}$ . , $v^{s}$
Shapley $v^{s}$ Core , ,
$\sum_{i\in\sup \mathrm{p}}\epsilon g_{i}(s,\hat{v})=v^{s}(\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s)=\hat{v}$
(s).
, Shapley $s$ . ,
.






, $\forall s’\leq s$ .
. $\hat{v}$
$\hat{v}$(s$’$ ) $\leq\hat{v}$ (s $|$sup$\mathrm{p}s’$ )
. ,
$\sum_{i\in\sup \mathrm{p}}s’g$ : $(s,\hat{v})\geq\hat{v}$ (s
$’$ ), $\forall s’\leq s$ .
. , Shapley $\hat{v}$ $C$ (s, $\hat{v}$) .
, Shapley Choquet Shapley . , 1
.
2[g] $a,c_{F}s$ $1\leq s\leq a<c$ .
$\frac{1}{c!}\sum_{i=0}^{c-a}(\mathit{8}+i -1)!(c-s-i)!_{c-a}C_{i}=\frac{(s-1)!(a-s)!}{a!}$
$\hat{\mathcal{G}}^{c}$ , 2 Shapley , .
8 $s\in[0,1]$n, $\hat{v}\in\hat{\mathcal{G}}^{c}$ . , $\hat{v}$ 1 Choquet
Shpaley $f$ Shpaley $g$ . .
$f_{i}(s,\hat{v})=g_{i}(s,\hat{v})$
, $i\not\in \mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s$ , $f_{i}$ (s, $\hat{v}$ ) $=g_{i}$ ( s, $\hat{v}$) $=0$ .
$i\in \mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s$ . Choquet Shpaley , .
$f_{i}(s,\hat{v})$ $=$ $\sum_{l=1}^{q(\epsilon)}\phi$ ;([s]h
$\iota$
, $v$ ) $(h_{l}-h_{l-1})$
$=$
$\sum q(s)$
$\sum$ $\beta$ ( $|$T $|_{1}$. $|$ [s]h $\iota|$ ) [v(T)-v(T $\backslash$ i)](hl-h\sim -1) (5)
$l=1T\subseteq[s]_{h_{l}}$
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, Shpaley , .
$g_{i}(s,\hat{v})$ $=$ $\phi$ i $(\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s, v^{s})$
$=$
$\sum_{T\subseteq\sup \mathrm{p}s}\beta$
( $|$T$|;|$ supp $s|$ ) $[v^{s}(T)-v^{s}(T\backslash i)]$ (6)
, Choquet (6) .
$g_{i}(s,\hat{v})$ $=$
$\sum_{T\subseteq\sup \mathrm{p}s}\beta$
( $|$T$|;|$ supp $s|$ ) $[\hat{v}(s_{|T})-\hat{v}(s\}T\backslash i)]$
$=$ $\sum_{l=1}^{q(s)}\sum_{T\subseteq\sup \mathrm{p}s}\beta$ ( $|$T $|;|$ supp $s|$ )[$v([s|\tau]_{h_{\iota}})-v([s|T\backslash i$ ] h $\iota$ )] (h$\iota-$ hl-1) (7)
, .
$[s_{|T}]_{h_{l}}=\{j\in T|s_{j}\geq h_{l}\}=T\cap[s]_{h_{l}}$
$[s_{|T\backslash \{i\}}]_{h_{l}}=\{j\in T\backslash i|s_{j}\geq h_{l}\}=(T\backslash i)\cap[s]_{h\iota}$
(7) , .






$[v((T_{1}\cup T_{2})\cap[s]_{h_{l}})-v(((T_{1}\cup T_{2})\backslash i)\cap[s]_{h_{l}})](h_{l}-h_{l-1})$
$=$
$\sum q(\epsilon)$
$\sum$ $\sum$ $\beta$ ( $|T_{1}\cup T_{2}|;|$ supp $s|$ )
$l=1T_{1}\subseteq$ [gl $h_{l}\mathrm{i}2\subseteq s\mathrm{u}\mathrm{p}\mathrm{p}$ $s\backslash [s]_{h_{l}}$
$[v(T_{1})-v(T_{1}\backslash i)]$ ( $h_{l}-$ hl-1) (8)
, (5) (8) , .
$\sum_{T_{2}\subseteq\sup \mathrm{p}s\backslash [s]_{h_{l}}}\beta$
( $|T_{1}\cup T_{2}|;|\mathrm{s}$upp $s|$ ) $=\beta$ ( $|$T1 $|$ ; $|$ [s] $h_{1}|$ ) (9)
$T_{1}\cap T_{2}=\emptyset$ , (9) .
$\sum_{T_{2}\subseteq\sup \mathrm{p}s\backslash [s]_{h_{\iota}}}\beta(|T_{1}\cup T_{2}|;|\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}s|)$
$=$




$\tau_{s\subseteq\epsilon \mathrm{u}\mathrm{p}\mathrm{p}\epsilon\backslash [s]_{h_{f}}}\sum_{|T_{2}|=i}\frac{(|T_{1}|+i-1)!(|\sup \mathrm{p}s|-|T_{1}|-i)!}{|\sup \mathrm{p}s|!}$
$=$ $|8 \mathrm{u}\mathrm{p}\mathrm{p}\sum_{i=0}^{s|-|[\theta]_{h_{l}}|}\frac{(|T_{1}|+i-1)!(|\sup \mathrm{p}s|-|T_{1}|-i)!}{|\sup \mathrm{p}s|!}(\begin{array}{ll}|\sup \mathrm{p} s|-|[s]_{h_{l}}| i\end{array})$ . (10)
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(10) 2 , .




$=$ $\beta$ ( $|T_{1}|;|$ [s]h $\iota|$ )




$\text{ }$ , Shapley .
22 $\hat{v}\in \mathcal{G}$ FCS $F$ $\hat{v}^{F}$ $s\in[0,1]$n
Shapley .
$\mu_{i}(s,\hat{v}, F)=g_{i}(s,\hat{v}^{F})$
$\mu(s,\hat{v}, F)=(\mu_{1} (s,\hat{v}, F), \ldots,\mu_{n}(s,\hat{v}, F))$
7 .
1 $s\in[0,1]$n, $\hat{v}\in \mathcal{G}$ , FSC $F$ , Myerson $\mu$ $(s,\hat{v}, F)$ ,
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